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, Abstract. We present the broad band analysis of two BeppoSAX observations of the Seyfert 1 Mkn 509. In 2000 

■ the source was in a typical flux state, F2-iofeeV = 2.7 x 10~^^erg cm"'^ s~^, while in 1998 it was found in a 
high flux state, F2-iofceV = 5.7 x 10~^^erg cm~^ s^^. A comparison between the two states shows a energy- 
dependent flux variation: of about a factor three and a factor two in the LEGS (0.15-3 keV) and MEGS (1.5-10 
keV), respectively, while in the PDS (13-200 keV) the difference is marginal. A soft excess, a narrow iron line 

I I and a Gompton reflection hump above 10 keV, are clearly apparent in the residuals after fitting the spectra 

^ . with a simple power law. We tested two alternative models. In the first the iron line and the high energy bump 

' are well reproduced by reprocessing in a cold and Gompton thick material. The intensity of the iron line (also 

^\ , consistent with a Chandra measurement) as well as the normalization of the reflection hump are consistent with a 

■ constant in the two epochs: this, combined with the fact that the line is narrow as observed by Chandra , suggests 
0^ ' a common origin from distant and optically thick matter. This model further requires a component to model 

, the soft excess: the empirical choice of two black bodies accounts well for the excess in both observations, their 

' combined strength was a factor about three higher in the high than in the low flux state defined above. However 

I the relative contribution of the soft excess is higher in the low fiux state. In the second model we attempted to 

. reproduce all spectral features, except for the narrow cold line, with refiection from an ionized disc. This model 

CL(' is successful only in the high flux state, but it fails in the low flux state, when the soft excess is only partially 

JL I accounted for. In either models, the slope of the power law is larger in the high than in the low flux state, 

■ (AF ~0.2), in agreement with a behaviour known to be shared by several objects of the same type. 
-4— » ■ 
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1. Introduction also almost always present (Reeves et al. 2001, Pounds 

et al. 2001, Matt et al. 2001, Yaqoob et al. 2001, Kaspi 

, The most popular model for the X-ray emission in AGN ^^^^^ p^^^^^ ^^^^^ ^j^^ g^R and the opti- 

envisages a hot, optically-thin plasma (the corona) which ^^^^ ^^^^^ ^^^^^ ^^^^ candidate regions to pro- 

up-scatters to X-ray energies the soft photons produced in ^^^^ ^^.^ ^^^^^^ component. In the latter, the matter 

an optically thick accretion disc (e.g. Haardt & Maraschi ^^^^^^ Compton-thick (N^ > 10^4 cm'^) and a 

1993). The disc, in its turn, reprocesses and re-emits Compton reflection component is also expected (GhiselHni 

part of the Comptonized flux, so producing the char- ^gg^^ ^^^^ 2003), as already observed in 

acteristic reprocessing features, the Compton reflection ^^^^ (Quanazzi et al. 1998) and NGC 5506 (Matt 

hump and the fluorescent iron Ka line. The presence of 2001) 
a broad component of the iron line (Fabian et al. 2000) 

in the X-ray spectra of Seyfert galaxies was first ob- ^^^^ P^P^^ P^^^'^^* 2000 BeppoSAX obser- 

served by ASCA (Tanaka et al. 1995, Nandra et al. 1997, ^^^^o^" ^he Seyfert 1 galaxy Mkn 509, and compare 

Yaqoob et al. 2002), confirmed by BeppoSAX (Guainazzi ^'^"^ ^"^^ 1^98 observation, aheady discussed by Perola 

et al. 1999) and by XMM-Newton (Fabian et al. 2002, (^000). This source has a typical X-ray lummos- 

Wilms et al. 2001) observations. However, Chandra and ^"^^ ^-10 keV energy range) of 3x10 erg s 

XMM-Newton observations clearly indicate that a nar- (^"=^0 s Mpc ) at z=0.034, with a Galactic ab- 

; Ti 1 ■ ■ • J- 4- 4- i-i- ■ sorption column of N„ ' — 4.4 x 10^ cm ^ (Murphy 

row component, iikely originating m distant matter, is ^ ^ \ f j 

et al. 1996). A soft excess in the X-ray spectra was ob- 
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ing (Morini et al. 1987). The ASCA observation, how- 
ever, suggested a warm absorber component in Mkn 509 
rather than a true soft excess (Reynolds 1997, George 
et al. 1998), but BeppoSAX (Perola et al. 2000) and XMM- 
Newton (Pounds et al. 2001) confirmed the soft X-ray ex- 
cess below 1 keV, and showed also the presence of a narrow 
iron line (already detected by Ginga and ASCA ) and a 
Compton reflection bump above 10 keV. 

The observations and data reduction are described in 
Section 2. A model-independent variability study is pre- 
sented in Section 3. The spectral analysis is reported in 
Section 4 and discussed in Section 5. Our conclusions are 
drawn in Section 6. 

2. Observations and data reduction 

Mkn 509 was observed by BeppoSAX (Boella et al. 1997) 
two times in 1998 (May 18, October 11) and four times in 
2000 (November 3-8-18-24). The LEGS, MEGS and PDS 
data reduction followed the standard procedure (Fiore, 
Guainazzi & Grandi 1999). The PDS spectra were fil- 
tered with variable rise time. We extracted the spectrum 
within circular regions around the source centroid with 
radii of 4' and 8' for the MEGS and LEGS, respectively. 
The background was extracted from event files of source- 
free regions ("blank fields"). Spectral models were fitted 
to the data using the XSPEG package VI 1.2. All quoted 
uncertainties correspond to 90% confidence level for one 
interesting parameter (Ax^=2.71). The models included 
a normalization factor for each instrument to take into 
account intercalibrations. Wc fixed the PDS/MEGS nor- 
malization to 0.8 while the LEGS/MEGS normalization 
ratio was running between 0.7 and 1 (Fiore, Guainazzi & 
Grandi 1999). 

In Figure H] we show the LEGS (0.7-2.5 keV), MEGS 
(2-10 keV) and PDS (13-200 keV) light curves (the bin- 
size is 6000 s), and in the last panel the hardness ra- 
tio MEGS (2-10 keV)/LEGS (0.7-2.5 keV). The source 
does not show significant spectral variations within the 
two sets of observations, thence we combined the two in 
1998 as well as the four in 2000. The journal of the com- 
bined observations is shown in Tabled In 1998 Mkn 509 
was in a relatively bright flux state, V2-wkeV = 5.66 x 
10~^^erg cm~^ s~^, while in 2000 it was at a more typical 
flux level, F2_iofceV = 2.7 x lO^^^erg cm^^ s^^ 

3. Spectral ratio 

The two states are characterized by different spectral 
shapes, as immediately revealed, in a model-independent 
way, by the ratio of the spectra (right panel of Figure^: 
1) In the 1-10 keV energy range a change in the slope 
is apparent (with a pivot point around 70-80 keV), the 
steeper spectrum corresponding to the larger flux state. 
Since in this band the incidence of absorption, reflection 
component and soft excess is negligible, the change must 
be associated with the primary, power law component. 



2) Below 1 keV the ratio suggests the presence of an- 
other component, which varied in a different way with 
respect to the power law. 

3) In the 10-100 keV range the ratio is consistent with a 
constant value. Being this one the region where Gompton 
reflection is important, this result suggests an approxi- 
mately constant intensity in this additional component, 
despite the change of the primary flux. 

In the next section we will test these results with a 
detailed spectral analysis. 

4. Broad band spectral analysis 

4.1. Cold disc reflection model 

Mkn 509 is known to possess a soft excess, as ob- 
served by EXOSAT (Turner et al. 1991), ROSAT (Pounds 
et al. 1994), BeppoSAX (Perola et al. 2000) and XMM- 
Newton (Pounds et al. 2001). We first excluded the en- 
ergy range where the excess is present, by fitting the 1998 
and 2000 spectra from 3 to 100 keV with a power law 
multiplied by exp(-E/Ec), a cold reflection component 
(PEXRAV, Magdziarz & Zdziarski 1995, with inclination 
angle fixed to i=30°) and a Gaussian component to model 
the iron line. With the intrinsic width of the line as a free 
parameter, the fit yields an unacceptably large value of 
(7 ~ 2 keV in both spectra, that was likely due to a bad 
description of the continuum at the line energy. This pa- 
rameter is however basically unconstrained and in fact, 
with a width fixed to 0.1 keV, the fit is equally good. We 
therefore adopted this valuel; the results are reported for 
both epochs in Table |21 

The is fully acceptable in both observations 
((xVrfo/)20oo=60/66, (xVc?o/)i998 =54/66). The narrow 
line energy is consistent in both spectra with neutral iron, 
with an intensity that does not appear to vary significantly 
between the low and the high flux states. 

A strong soft excess at E< 3 keV appears when 
the 3-100 keV best fit spectra are extrapolated to the 
LEGS energy band (see Figure EJ. With the cold reflec- 
tion factor R, the energy and width of the line fixed 
at the values from the previous fit, we first attempted 
to model the soft excess with one black body compo- 
nent: the result is not good ((x^/do/)2ooo=186. 7/143, 
(x^/do/)i998=166. 1/143); a much better result in both 
observations is obtained with the addition of a second 
black body (the probability of exceeding F with the ad- 
dition of two parameters is greater than 99.9 per cent in 
both spectra). It is worth recalling here that Pounds et 
al. (2001) resorted to three black bodies to model the soft 
excess observed with XMM-Newton . 

When we try to substitute the two black body com- 
ponents with a disc black body model, the fit becomes 
worse in both spectra {}d jdo] — YIl jX^Q in 2000 and 
x7do/ = 150/140 in 1998). 

We also tried, without success, the addition, instead 
of the second black body, of two edges at the energies 
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Table 1. Mkn 509 by BeppoSAX . Journal of the observations in 1998 (sum of two) and 2000 (sum of four). 
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OBS LEGS (0.15- 3 keV) MEGS (1.5 -10 keV) PDS (13- 200 keV) te^p (MEGS) 



(s) 



1998 0.464 ± 0.003 
2000 0.167 ± 0.002 



0.724 ± 0.003 
0.325 ± 0.001 



0.77 ± 0.03 
0.58 ± 0.03 



87834 
152777 
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Fig. 1. Left panel. Lightcurvcs and hardness ratio MECS(2-10 keV)/LECS(0.7-2.5 keV) of the BeppoSAX observations 
(the binsize is 6000 s). The time intervals between the different looks in 1998 and 2000 are fake. Right panel. Spectral 
ratio between the high (1998) and low (2000) flux state 

Table 2. Best fit spectra between 3-100 keV in the low (2000) and high (1998) flux state of Mkn 509. 





r 


E,(keV) 


R 


OT 

i-Fe 




^°Fe (keV) 


xVdof 


2000 


1 50+0.07 


00+47 


0.86l°« 




96±60 


"•>JJ_0.15 


60/66 


1998 




110t« 


0.64«J^ 




57±27 


6 

"•"J ' -0.17 


54/66 



In 10 ^ ph cm ^ s ^ at the line energy. 



of OVII (0.74 keV) and OVIII (0.87 keV), whose optical 
depths turned out consistent with zero in both spectra. 

The best fit spectra with two black bodies are sum- 
marized in Table |21 and the data/model ratio is shown 
in the left panel of Figure The intensities of the iron 
line in the two flux states are consistent with a con- 



stant value: l|PP° 

J1998 



(2.8 ± 1.1) X 10-5 ph cm- 



and 



(3.4 ± 2.0) X 10-5 ph cm-^ s^^. 
If, following the claim by Pounds et al. (2001), a second 
iron line is added to the previous model to account for a 
possible contribution from an ionized component, the fit 
improves marginally (the probability to exceed F with the 
addition of two parameters, the energy and intensity of the 
line, is 95 and 93 per cent in the low and high flux state 



respectively). In both spectra the (poorly constrained) line 
energy is consistent with H-like iron, and the equivalent 
widths are ~ 60 eV and ^ 45 eV in the low and high flux 
states, respectively. 

The results shown in Table |2| quantitatively con- 
firm our first comment on Figure 1, with a change 
of the spectral index AF ^ 0.2 (see Figure This 
behaviour is consistent with that observed in other 
Seyfert 1 galaxies (NGC 4151: Perola et al. 1986, Piro 
et al. 1998; NGC 5548: Nicastro et al. 2000; IC 4329a: 
Done et al. 2000; NGC 7469: Nandra et al. 2000; MCG +6- 
30-15: Vaughan & Edelson 2001; NGC 3783: De Rosa 
et al. 2002a), and with the F^, vs a relation expected in a 
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lOm 509. Loir state. 2000 Mltn 609. High state. 199B 




1 10 
channel energy (keV) 



1 10 
channel energy (keV) 



Fig. 2. Hard X-ray spectral fit for E> 3 keV extrapolated to 0.15 keV in the BeppoSAX -LEGS energy band. A soft 
X-ray excess is present. The ratios data/model are showing as tliis spectral component seems have a larger contribute 
in the low flux state of Mkn 509 (left panel, see discussion on the text for details.) 

Table 3. Cold disc reflection model. Broad band best fit spectra. 





r 


E,(keV) 


R 


kTjjB (eV) 


kT|s (eV) 


*lFe 


EWF.{eV) 


xVdof 


Null hyp prob 


2000 






0.90±|];i§ 


711? 




2.8±1.1 


94±37 


157.4/138 


0.124 


1998 


1.82±0.06 




0.70i°1g 


71+6 


260±25 


3.4±2.0 


62±36 


127.8/138 


0.721 



* In 10 ® ph cm ^ s ^ at the line energy. 

Table 4. The ionized disc reflection model. Broad band best fit spectra. The disc radial emissivity law is e(r) ex r^, 
with /3=-3. The inner and outer radii were kept fixed respectively to ri„=6 r^ and ro„t=10^ r^. with rg=Gm/c^ the 

gravitational radius. 





r 


log {0 


R 


* rnarrow 
-'Fe 


£;W|!r'''""(eV) 


xVdof 


Null hyp prob 


2000 


1.70±0.02 


1 c;t;+0.12 


1.14±0.15 


1.6±0.9 


62±35 


183.2/143 


0.013 


1998 


1.89±0.02 


1 55+0" 

1.00_Q 22 


n 75+0 " 


2.3±1.6 


45±30 


155.3/143 


0.228 



In 10 ^ ph cm ^ s ^ at the line energy. 



Comptonization model for the intrinsic continuum emis- 
sion (Petrucci et al. 2000 and references therein). 

With regard to our second comment to Figure 1, we 
note that the strength of the two black body soft excess, in 
the 0.25-2 keV range, is a factor about three times larger 
in the 1998 epoch than in the 2000 epoch. 

With regard to our third comment to Figure 1, the nor- 
malization of the Compton reflection component (which 
we verified to depend very weakly on the value of the 
slope of the incident radiation) turns out to be A = 
(2.3 ± 0.6) X 10-2 in 1998 and A = (2.0tg;6) x 10"^ in 



2000, that is consistent with a constant value, very much 
like the intensity of the cold iron line. 



The fact that, as shown in Figure 4, its relative nor- 
malization appears also constant (that, within the large 
errors, could suggest a reflection component which follows 
the intrinsic changes), is only the consequence of the F^; 
vs a relation holding in the flux range that we happened 
to cover. 
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Cold disc reflection model. Ratio data/model Ionized disc reflection model. Ratio data/model 




0.1 1 10 100 0.1 1 10 100 

Energy (in keV) Energy (m keV) 



Fig. 3. Data/model ratio when the spectra in the low (upper panels) and high (lower panels) flux states of Mkn 509 
are reproduced with a cold (lef^^^^j^dgipn^^d (right) disc reflection model. See Table |^and^ and for best flt parameters 




1.5 1.6 1.7 l.B 1.9 1.6 1.6 1.7 l.B 1.9 

Photon Indez Photon Index 

Fig. 4. 1(7, 2a and Scr contour plots high energy cut-off vs V (left panel) and i? vs F (right panel) in the two flux states 
when the spectra are fitted with a cold disc reflection model. 



4.2. The ionized disc reflection model 

The possible presence of a line from highly ionized iron (as 
claimed by Pounds et al. 2001) is suggestive of reflection 
from an ionized accretion disc. In this case the reflected 
component can be strong below ~ 1 keV and then signifi- 
cantly contribute to the observed soft excess in Mkn 509. 

We therefore fitted the spectra with a reflection model 
that takes into account ionization of the accretion disc 
(Ross & Fabian 1993). The most important quantity in 
determining the shape of the reflected continuum is the 
ionization parameter ^ = AnF^/nH, where F^, is the X- 
ray flux (between 0.01-100 keV) illuminating a slab of gas 
with solar abundance and constant hydrogen number den- 
sity nH=lO^^ cm^"^. The incident flux is assumed to be a 
power law with spectral photon index F and a sharp high 
energy cut-off at 100 keV. The reflected spectrum, which 



includes the Fe Ka, is multiplied by R and added to the 
primary continuum. Different values of ^ indicate different 
ionized states, affecting the strength and width of the Fe 
line (Matt et al. 1993, Matt et al. 1996), and of the ab- 
sorption edges. We apphed to the reflection spectrum the 
relativistic smearing for the Schwarzschild metric assum- 
ing an emissivity law r^, with /3=-3 and inner and outer 
radii fixed to 6rg and lOOOr^. Finally, a narrow and cold 
iron line was further added to the fitting model. 

The best fit parameters are given in Tabled) and the 
data/model ratios are plotted in the right panel of Figure 
13 Notably, in the high flux level spectrum (1998) the ion- 
ized reflection accounts for the soft X-ray emission, and 
there is no need for an additional soft component. The 
is acceptable, albeit not as good as with the alternative 
model; the same is not true in the low fiux level spectrum 
(2000), where in particular the residuals both below 1 keV 
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and above 20 keV show a systematic deviation, and the 
is very poor. 

The ionization parameter in both spectra is ^ 40 erg 
cm s""'^. For such a value, according to Matt et al. (1993), 
the disc is expected to contribute a neutral iron line of 
about 100 eV. Indeed, we find that the intensity of the 
narrow line is somewhat smaller than that measured in 
the cold disc model. Again, the intensity of the narrow 
line does not change from one observation to the other, as 
expected if the line is produced in distant matter. 

To test the possibility that the distant matter respon- 
sible for the narrow line were optically thick, we added a 
constant cold reflection component. In the high flux spec- 
trum the reflection at low energies does still account rea- 
sonably well for the soft excess and the fit remains accept- 
able (x^/rfo/=158. 5/142), although the cold component 
becomes dominant over the ionized one {Rcoid ~ l-lto.25J 
-Rion = 0.4 ± 0.2), while in the low flux spectrum no im- 
provements is attained at low energies and the fit is worse 
(xVrfo/=187/143). 

We note that also with this model the fit bears out a 
change Ar ~ 0.2 (see Figure |31 and Table 

On balance, it seems to us that the cold reflection 
model, with the addition of an independent soft-excess 
component, is better suited to describe the two observa- 
tions than the model just described. 



we found that an additional black body component was 
required (with Pp greater that 99.9 per cent), to model 
the soft X-ray spectra in both observations. The fit is 
still good in 1998 {x^/dof = 130/141), while this is not 
true in 2000 {x^ /dof — 174/141), where large deviations 
are present below 1 keV and above 40 keV. We found 
that for the high state the temperature of the corona 
and the Comptonization parameter y (the Comptonized 
to soft luminosity ratio), are lower than in the low 
state: kT^ = 65 ± 10 keV, and r = l.OOj:^:^!^ in 1998 
and fcTe = 921^0 keV and r = 0.88^!^:^;^ in 2000. This 
behaviour, together with the fact that the continuum 
variation is higher at low energies (see lightcurves in 
Figure P), suggests an increase, in the high state, of 
the seed photons able to Comptonize the corona. This 
increase could be due either to some geometrical effect 
(e.g. a change of the inner radius of the disc) or to a 
change of the albedo of the disc (e.g. a variation of the 
ionization state). In both the hypotheses some variations 
in the strength of the reflection features are expected. 
However our analysis is consistent with a constant value of 
the reflection components (see discussion in Section l5l^ . 
Then our analysis supports the idea that the observed 
variability is driven by a change of the soft photon flux 
which is not due to a change of either the geometry or 
the albedo of the disc. 



5. Discussion 

5.1. The intrinsic continuum 

The broad-band BeppoSAX spectra of Mkn 509 are dom- 
inated by a variable power law with an exponential cut- 
off. The e-folding energy is found within the range of 
values observed in other Sy Is with BeppoSAX (Perola 
et al. 2002). This model is an approximation of a 
Comptonized spectrum. In fact one of the emission mech- 
anism which is believed to work in the central region of 
AGN is a two-phases model involving a hot corona emit- 
ting medium-hard X-rays by Comptonization and an op- 
tically thick layer which provides the soft photons to be 
Comptonized (Haardt & Maraschi 1993). However, the 
heating mechanism of the electrons, the geometry of the 
disc-corona configuration and the origin of the variability 
are still very uncertain. 

There is strong evidence that in Seyfert 1 galaxies 
the X-ray spectrum softens as the 2-10 keV flux increases 
(e.g. IH 0419-577, Page et al. 2002; NGC 3783, De Rosa 
et al. 2002a, MCG-6-30-15, Vaughan & Edelson 2001; 
NGC 5548, Petrucci et al. 2000, Nicastro et al. 2000; 
NGC 7469, Nandra et al. 2000; IC 4329A, Done et al. 2000, 
NGC 4151 Perola et al. 1986). Our analysis confirms this 
behaviour also in the case of Mkn 509, where a flux vari- 
ation by a factor two in the 2-10 keV range is observed 
along with a change of the power law slope AF ~0.2 (see 
Tables El H and Figures |2 ^ . 

Analysing the spectral variability with a 
Comptonization model (Haardt & Maraschi 1993) 



5.2. The soft X-ray excess 

As indicated by XMM-Newton and BeppoSAX observa- 
tions, the soft excess is a common component in Seyfert 
1 spectra (see e.g. Pounds & Reeves 2002). Whether this 
component represents thermal emission directly from the 
accretion disc, or the result of the disc reprocessing of the 
hard X-rays impinging upon it, is still unclear. In a study 
of a small sample of Sy Is observed by XMM-Newton , 
Pounds & Reeves (2001) conclude that the "gradual soft 
excess" (CSX) detected in Mkn 509 could be interpreted 
as Comptonized thermal disc emission, this view being 
supported by the absence of discrete spectral features in 
RGS data. In addition they suggest that this broad soft 
emission component might be a common feature, which 
can sometimes be obscured by a warm absorber. 

The analysis of the two BeppoSAX spectra of Mkn 509 
shows that the absolute strength of the soft excess is def- 
initely higher in the high flux state. However when it is 
reproduced with two black body components, it accounts 
for 30 per cent of the 0.25-2 keV observed luminosity in 
2000 (io°25-2fcey = 9 X lO'*^ erg s"!) and less than 25 per 
cent in 1998 iLl^25-2keV = 2-4 x lO"*-* erg s~^). When the 
spectra are fitted with an ionized disc reflection model, the 
soft excess in the high flux level state (1998) can be com- 
pletely accounted for by the reflection of the disc, with no 
additional components required. In the low flux level state 
(2000), instead, the stronger relative contribution of the 
soft excess is only partially accounted for by a larger value 
of the reflection fraction (from a disc surprisingly charac- 
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Mkn 509. Ionized disc reflection model 



Mkn 509. Ionized disc reflection model 





high state 



1.75 l.fl 
Photon index 




high state 




Photon Index 

Fig. 5. Ionized disc reflection model (see TableEj. Confidence plots (68, 90 and 99 per cent) ionization parameter log 
^ vs Photon index T (left panel) and Reflected fraction vs F (right panel) in the different flux states of Mkn 509. 



terized by the same ionization parameter as in 1998), and 
the global fit can hardly be considered acceptable. Despite 
the attractive behaviour of this model in one of the two 
observations, the alternative model with a cold reflection 
and the soft additional component, at least from a sta- 
tistical point of view, behaves well in both observations, 
and it offers a natural explanation for the presence of the 
narrow and cold iron line. 

We furthermore note that the black body components 
do not represent the unique empirical model which pro- 
vides a good fit of the soft excess. Perola et al. (2000) 
describe this component with a soft power law, and find 
that its extrapolation to lower energies matches the ob- 
served strength of the UV emission, admittedly observed 
in a different epoch. This lends some support to the idea 
that it could arise from Comptonization in the innermost 
part of the accretion disc (see also the case of NGC 5548 
in Pounds et al. 2002). 

5.3. The reflection and fluorescent components 

Both the Compton reflection hump and the neutral iron 
emission line are detected in the BeppoSAX observations 
of Mkn 509. A single Gaussian component reproduces well 
the line proflle. Perola et al. (2000) got similar results 
on the reflection features using a power law rather than 
two black body components to model the soft excess. The 
energy of the iron line they found is slightly higher than 
the value we report here, because in our broad-band flt 
we kept the intrinsic width of the line flxed to 0.1 keV. 

The energy of the iron line indicates a low stage of 
ionization (Fel-XVII). Its intensity does not vary signifi- 
cantly between 1998 and 2000 and, moreover, it is consis- 
tent with that measured in a simultaneous Chandra HEG 
and RXTE PCA observation (Yaqoob & Padmanabhan 
2003) when the fiux was similar to that observed by 
BeppoSAX in 1998, Y'^'^Iq^Iv = 5.5 x lO^^erg cm'^ s^i, 
and in a XMM-Newton observation in 2000 (Pounds 
et al. 2001). The amplitude of the reflection compo- 



nent is also consistent with a constant value in the two 
BeppoSAX observations, despite the variations in the pri- 
mary fiux. Thus it is most likely that both fiuorescence 
and refiection take place at a distance of at least about 
one parsec from the central source. 

A narrow component of the iron line is a common fea- 
ture in Seyfert Is (Padmanabhan & Yaqoob 2003 and 
references therein). A recent analysis of a sample of 
nine Seyfert Is (Mkn 509 included) observed by XMM- 
Newton (Reeves 2003) found that the majority of the 
sources show an unresolved line at 6.4 keV. In general 
terms, given the typical EW found, this line is not neces- 
sarily produced by Compton thick material, for instance 
it could come from the Broad Line Region (which have 
typical column densities of 10^^ cm^^, Netzer 1990). 

The case of Mkn 509, as assessed in this paper, adds to 
those of NGC 4051 (Guainazzi et al. 1998) and NGC 5506 
(Matt et al. 2001), where a reflection component associ- 
ated with a narrow cold iron line has indeed been detected. 

Concerning the very marginal evidence we found of a 
ionized line in addition, it is worth mentioning the case 
of other objects where such, and generally weak, line 
has been observed, like NGC 5506 (Matt et al. 2001), 
NGC 7213 (Bianchi et al. 2003), Mkn 205 (Reeves 
et al. 2001), NGC 3783 (De Rosa et al. 2002a), NGC 7469 
(De Rosa et al. 2002b). As already mentioned, in the flrst 
XMM-Newton observation of Mkn 509 in 2000 Pounds 
et al. (2001) claimed the discovery of a weak ionized line in 
addition to the narrow cold line. After a reanalysis of the 
same observation, along with the analysis of a second one 
made in 2001, Page et al. (2003) reach the conclusion that 
illumination of a distant, cold and optically thick material 
is a simpler and self consistent explanation of the iron 
spectral features, rather than models including reflection 
from an ionized relativistic disc. 

6. Conclusions 

Taking advantage of two 0.1-100 keV BeppoSAX obser- 
vations of Mkn 509, performed about two years apart. 
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Fig. 6. We show the two different spectral models we checked, in the high (dash curves) and low (solid curves) flux 

state. In the left panel the cold disc reflection model is shown together with the black body components to reproduce 
the soft X-ray spectra. In the ionization disc reflection model (right panel) no additional component are required to 
model the spectra. 



which found the source a factor of two different in the 
2-10 keV flux level, we could profltably compare two al- 
ternative models, a classical one with a cold Compton re- 
flection, already investigated on the first of the two by 
Perola et al. (2000), the other with the reflection from an 
ionized disc. 

Common results of the two fitting models are: 

a) The slope of the power law increases, AF ^0.2 , 
when the 2-10 keV flux is a factor two higher. This result 
agrees with the behaviour found in several other objects 
of this class, mentioned in the previous Section, and lends 
another case to support the Comptonization models for 
the origin of the power law, in the form applied e. g. to 
NGC 5548 by Petrucci et al. (2000). 

b) There is a cold iron fluorescent line, whose inten- 
sity and width are consistent with results obtained on the 
same object with XMM-Newton (Pounds et al. 2001; Page 
et al. 2003) and with a simultaneous Chandra HEG and 
RXTE PCA observation (Yaqoob & Padmanabhan 2003). 
The stability in the intensity of this line, despite^ the rather 
large variations of the continuum level, speaks definitely 
in favour of a distant (order one parsec) placement of the 
fluorescent material. 

With respect to a simple power law, at low energies 
and in both observations there is a fairly strong and rather 
broad soft excess. The ionized disc reflection model can in 
principle account self-consistently for the existence of such 
an excess. And indeed, in the high state observation (1998) 
this model gives a fairly good flt, without requiring any 
extra component, except for the narrow line mentioned 
above. However, in the low state observation (2000) the 
outcome is a very poor fit, with substantial positive resid- 
uals below 1 keV. From a purely empirical point of view, 
this difference between the two states follows from the rel- 
ative contribution of the soft excess being stronger when 
the source was in the low state, when the power law was 
at the same time harder. 



With the cold reflection model, the soft excess needs 
necessarily be modelled with an additional component, for 
which an empirical combination of two black bodies gives 
fair results in both states (an equally fair result was ob- 
tained on the first observation by Perola et al. , 2000, 
adopting a soft power law). The luminosity of this excess 
in the 0.25-2 keV range turns out to be about three times 
higher in the high (1998) state than in the low (2000) 
state. In our mind its origin and behaviour remains a sub- 
stantially obscure issue. 

The EW of the narrow line is modest and, in princi- 
ple, could be explained as fluorescence from Compton thin 
material, for instance in the Broad Line Region. However 
a very important result with the cold reflection model is 
that the normalization of the Compton hump is perfectly 
consistent (within the large errors), with a constant value 
between the two epochs. This further argues in favour 
of a common origin of both the line and the reflection 
component in a distant, Compton thick material. The si- 
multaneous measurement of both the line and the hump, 
which could be safely afforded with BeppoSAX and now 
with RXTE (alone or in a simultaneous combination with 
XMM-Newton and Chandra ), adds Mkn 509 to the still 
short list of cases (NGC 5506, Matt et al. 2001; NGC 4051, 
Guainazzi et al. 1998) in which the above conclusion could 
be credibly reached. 
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